Development of Multiple Pest Resistant Crop Cultivars by Heinrichs, Elvis A.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Faculty Publications: Department of 
Entomology Entomology, Department of 
1994 
Development of Multiple Pest Resistant Crop Cultivars 
Elvis A. Heinrichs 
University of Nebraska - Lincoln, eheinrichs2@unl.edu 
Follow this and additional works at: https://digitalcommons.unl.edu/entomologyfacpub 
 Part of the Entomology Commons 
Heinrichs, Elvis A., "Development of Multiple Pest Resistant Crop Cultivars" (1994). Faculty Publications: 
Department of Entomology. 920. 
https://digitalcommons.unl.edu/entomologyfacpub/920 
This Article is brought to you for free and open access by the Entomology, Department of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty Publications: 
Department of Entomology by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Development of Multiple Pest Resistant
 
Crop Cultivars l
 
E. A. Heinrichs 
West Africa Rice Development Association
 
01 BP 2551, Bouake, Cote d'!voire, West Africa
 
J. Agric. Entoroo!. 11(3): 225-253 (July 1994) 
ABSTRACT Insects are one, among a number, of biotic and abiotic 
constraints that limit the production of food crops. Entomologists can playa 
key role in increasing food production through the development of insect­
resistant crop cultivars. Resistant cultivars are sought as a major tactic in 
the development of IPM strategies and have been shown to be compatible 
with biological, chemical and cultural control tactics. There has been 
significant progress in the breeding and commercial utilization of multiple 
pest resistant crop cultivars having resistance to insects, diseases and 
nematodes. The most notable examples are rice cultivars which are grown on 
millions of hectares in Asia. Multiple pest resistant crop cultivars have high 
yield stability when grown in pest-infested environments. The most 
successful cultivars have resistance to the major stresses in an area. These 
cultivars must have characteristics that farmers desire and grain quality 
that is consumer acceptable. Development of pest resistant crop cultivars 
calls for close collaboration among plant breeders, entomologists, plant 
pathologists, nematologists, weed scientists, soil scientists, plant 
physiologists and socio-economists. In spite of the achievements in 
developing multiple pest resistant cultivars, biotypcs have limited their use. 
In addition, there still are numerous pests, for which resistant cultivars are 
not yet commercially available. Biotechnology techniques will likely solve 
some of the constraints that have mitigated the use of host plant resistance as 
a major tactic in the integrated management of crop pests. 
KEY WORDS Crop cultivars, insects, multiple pest resistance, nematodes, 
plant breeding, plant diseases, nee. 
In spite of the significant progress in the raising of food crop yields and 
production, gains in many developing countries have barely kept ahead of 
population increases and in some countries the status of food crop stocks has 
seriously deteriorated. Subsaharan Africa is such an example, where some countries 
have been so severely ravaged that newspapers consider it a "disaster area." 
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Putting the situation in the context of current events, Somalia is the epitome of 
problems facing Subsaharan countries where ineffective governments, poverty, 
civil wars, natural disasters, marginal soils, and population intensity combine 
to take their toll through famine. 
The diversity and complexity of the constraints limiting food crop production 
call for a well-focused and strategic approach to agricultural development. 
Entomologists should playa key role in the mitigation of food crop production 
problems through the development of sound integrated pest management (lPM) 
systems. A major component in the development of food crop production 
systems is the breeding of crop cultivars that have resistance to the various 
abiotic and biotic stresses such as drought, salinity, soil toxicities, weeds, 
insects and diseases. Maxwell (1991) stated that the foundation of 1PM 
programs should be laid with a crop cultivar that is not only well adapted to the 
various abiotic constraints but also has some level of resistance to one or more 
insect and disease pests. The cultivar should be the best from an economic (not 
necessari.ly yield) perspective, as conditioned by susceptibility or resistance to 
key pests and positive or negative interactions with other components of the 
production system. 
Changing Pest Populations in the Tropics
 
and the Need for a Dynamic Breeding Program
 
Pestlhost interactions are dynamic and are influenced by a myriad of factors, 
many of which involve human activity (Bosque~Perez and Buddenhagen 1992). 
Development of an improved balance between crop production and pest 
competition involves the development of strategies and tactics based on an 
understanding of the interactions between the environment and the pest 
population. Activities such as cropping intensification and the use of chemical 
inputs have led to significant changes in pest populations in tropical crops. 
These changes have increased the demand for multiple pest resistant crops. 
Immigration of new pests. The rice water weevil, Lissorhoptrus 
oryzophilus Kuschel, is a parad.igm of a pest which was introduced into a country 
and has wreaked havoc on crop production. The rice water weevil is indigenous 
to America and is one of the major pests of rice in the United States. It was first 
discovered in Aichi prefecture in central Japan in 1976 (Tsuzuki and Isogawa 
1976) and spread rapidly throughout the rice growing regions of Japan. It is 
believed to be the first exotic species to be established in the history of rice 
cultivation in Japan, where in 1985, the area invaded amounted to 770,000 ba. 
Control of this pest in Japan has been difficult. The rice water weevil has 
recently invaded Korea (Lee 1992) where it has caused major damage. 
No effective natural enemies of the rice water weevil have been recorded in 
Japan. Cultural controls such as water management have been recommended but 
have not been commonly practiced because of problems associated with water 
availabiLity. No resistant cultivars are available and thus Japanese rice farmers 
have resorted to chemical control by the treating of seedlings prior to transplanting 
or by broadcasting of granular insecticides onto the surface of the irrigation water. 
Insecticide treatment has resulted in a distinct increase in production costs 
(Kiritani in press), and its widespread use is of environmental concern. 
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Introduction of new crops. Pests have often coevolved with the crop 
species that they attack but many pest problems are new~encounter situations 
where the crop has been introduced into a new area and pests that have evolved 
with other, related plant species, attack the introduced crop (Buddenhagen and 
de Ponti 1983). An example of such a situation is the rice delphacid Tagosodes 
orizicolus (Muir), a native of South America, which has become a severe pest 
after the introduction of rice into South and Central America (Bosque-Perez 
and Buddenhagen 1992). In addition to causing direct damage through the 
removal of plant sap, it is also a vector of hoja blanca, the most serious rice 
virus disease in the Western Hemisphere. The most effective approach to 
control the rice delphacid and the virus has been through the planting of 
resistant cultivars. Evaluation of 5,000 cultivars at the Centro Internacional de 
Agricultura Tropical (CIAT) led to the identification of 100 resistant cultivars 
from Asia, where the insect does not occur (Jennings and Pineda 1970). High 
yielding cultivars bred for resistance are playing a major role in the 
management of the rice delphacid and hoja blanca. 
Crop hostJpest re-encounter. Re~encounter situations occur where a pest 
follows a crop host to a new location. Such situations may occur after historical 
separations such as that of the mealybug, Phenacoccus manihoti Matile-Ferero 
which was accidentally introduced from South America to Africa in the 1970's 
(Herren and Neuenschwander 1991) after being separated from the cassava 
host, of American origin, for about 400 years. A later example is the larger 
grain borer, Prostephanus truncalus (Horn), a pest of stored maize in Central 
America and Mexico, which was recently introduced into Mrica (Markham and 
Herren 1990). In the cases of both these pests, the absence of natural enemies 
and the lack of resistance, has resulted in their spreading across Mrica where 
major outbreaks and devastating losses have caused the food shortages 
(Bosque-Perez and Buddenhagen 1992). 
There has been a major continental movement of crops over the last 400 
years and many of the coevolved pests of food crops have not been moved with 
their host. Thus re~encounter situations are likely to continue to be a problem 
in the future and resistant cuJtivars will be needed to cope with these new 
problems. Breeding programs \'t'ill have to be flexible in order to shift emphasis 
of breeding objectives to these pests as they occur. In cases where the arrival of 
a new pest is expected, Bosque-Perez and Buddenhagen (1992) suggest that 
preventive breeding might be required to avoid the devastating losses that 
often occw' in re-encounter situations. 
Crop intensification. There is ample evidence that cropping intensification 
has been responsible for changes in insect pest populations. Pest responses to 
environmental changes are dynamic and a change that is detrimental to ooe 
species may offer new opportunities to another, leading to changes in species 
composition. Loevinsohn (1984) defined crop intensification in rice as "an 
increase in resources devoted to rice cultivation." Intensification involves 1) an 
increase in the number of crops grown per year, 2) the planting of large, 
contiguous fields instead of small, isolated fields, 3) a change from poly~ 
cropping to monocropping, 4) an increase in the use of agricultural chemicals, 
and 5) the planting of modern, high yielding varieties responsive to fertilizers. 
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A planthopper, Nilaparvata lugens (Stal) is an exceptional example of how a 
change in cropping practices caused a phenomenal increase in the abundance and 
severity of an insect pest. This insect became a severe pest of rice in South and 
Southeast Asia in the 1960's when 1) the high yielding, green revolution cultivars 
were released, 2) cropping intensity increased from one to two, and in some cases, 
three crops per year, 3) fertilizer use escalated, and 4) insecticide applications 
increased. These changes in agricultural practices seemed to provide a favorable 
environment for this planthopper and massive outbreaks of significant economic 
importance occurred (Heinrichs and Mochida 1984). Cultivars resistant to N. 
lugens were bred in response to this severe threat to rice production, but their 
resistance was not durable and they became susceptible to N. lugens biotypes 
which developed through selection (Heinrichs 1988b). The escalation in 
prominence of this pest has pointed out the need to not only breed resistant 
cultivars but to breed cultivars with durable resistance and to integrate them as 
one component of an IPM system consisting of several tactics. 
Traditional cropping systems provide some degree of stability that is lost 
when peasant agriculture adopts modern techniques to increase yields. In the 
forest regions of West Africa rice farmers follow a system of rotation in slash 
and burn agriculture. They grow landraces consisting of a mixture of genotypes 
and polycrop on small fields surrounded by weeds and other vegetation. With 
an increase in population and pressure for land, the length of the fallow period 
between crops is decreased. With the adoption of modern methods, a uniform 
stand of a high yielding cultivar replaces a mixture of landraces, polycropping 
becomes monocropping and small scattered fields surrounded by forest and 
bush become large fields. The richness in biodiversity of pests and their natural 
enemies and the vegetation is lost, and the changed environmental conditions 
generally favor a buildup of specialist pests. Specialist pests appear to have 
been the most successful in following rice as its cultivation spread to new areas 
and are today the most widely distributed (Loevinsohn in press). Monophagous 
and oligopbagous specialist rice pests such as Nilaparvata lugens, a gall midge 
Orseolia oryzae (Wood-Mason), and a caseworrn Nymphula depunctalis 
(Guenee), are common across tropical and semi-tropical Asia. Generally, 
specialist pests are the most damaging to food crops and are considered key 
pests against which multiple pest resistance breeding programs are targeted. 
Multiple pest/stress interactions. Yield loss from insect pest damage is 
often significantly influenced by other stresses in addition to the pest affecting 
the crop (Heinrichs 1988a). Abiotic factors such as water stress, temperature 
stress, solar radiation, pollution, soil toxicities and nutrient deficiences can 
interact with insect damage to accentuate yield loss. The effect of two stresses 
occurring simultaneously may act additively or may accentuate (synergism) 
yield loss or be less than additive (antagonism) (Litsinger 1991). The effect can 
be either direct or indirect. An example of an indirect effect is where insect 
feeding or oviposition wounds enable pathogens to enter the plant or where 
insect vectors inject pathogens into the plant during feeding. The entrance of 
the sheath blight pathogen into feeding wounds from Nilaparvata lugens in rice 
is such an indirect effect (Soriano et al. 1986). An indirect synergistic effect is a 
case where damage from one pest lowers the tolerance of the crop to damage by 
a second pest. In a greenhouse study conducted at the International Rice 
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Research Institute ORR!) (1983) rice plants infested with a whorl maggot, 
Hydrellia philippina (Ferino) and a caseworm, Nymphula depunctalis had a 
significant yield loss while no yield loss occurred with either pest alone (Fig. 1). 
In the same study plants infested with stem borers, Scirpophaga incertulas 
(Walker) and whorl maggots or stem borers and caseworms had lower yield 
than that of plants infested with stem borers alone. Thus, the damage by the 
second pest is greater than if the first species were absent. 
The interactions between insect pests and plants stressed by abiotic or 
abiotic factors points out the need to breed cultivars resistant to multiple pest 
species and with tolerance to abiotic stresses. The need for multi-adversity 
resistant crop cultivars is increasing because of the rapid movement of pests 
and crops into new areas and because the quality of land in many parts of the 
world is decreasing. In West Africa soil erosion, soil toxicities and declining soil 
fertility affect food crop and weed growth causing interactions which influence 
the importance of various insect species as economic pests. Agricultural change 
and the dynamic response of insect populations to such change calls for a 
dynamic program of breeding for pest resistance. 
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Fig. 1.	 Grain yield (g/m2) from rice plants infested with combinations of three 
rice insect pests in IRRI greenhouse tests, Philippines ORRI 1983). 
CK = check; W = whorl maggot, Hydrellia philippina; CW = caseworm, 
Nymphula depunctalis; and SB = stem borer, Scirpophaga incertulas. 
Bars with a common letter are not significantly different (P = 0.05), 
using Duncan's multiple range test. 
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Release of pest susceptible cultivars. The release of super susceptible 
cultivars has often been suggested as one of the causes of pest outbreaks, where 
minoT pests develop into major pests. This is one of the arguments used by 
some to discredit the Green Revolution. Bosque-Perez and Buddenhagen (1992) 
suggest that the release of susceptible rice cultivars, has been responsible for 
the serious outbreaks of a gall midge, Orseolia oryzivora (Harris and Gagne) in 
Nigeria. They also report that farmers in Benin Republic consider the new, 
modern maize cultivars to be more susceptible to storage weevils, Sitophilus 
spp. than is the case for the local cultivars. Although, in most cases, there is a 
paucity of scientific evidence to support the role of susceptible cultivar release 
in pest outbreaks, it is important that new cultivars be evaluated against local 
pest strains on farmers' fields before they are released for commercial 
cultivation. This will not only provide evidence of their susceptibility to pests 
but will also indicate their adaptation to other biotic and abiotic constraints 
and their acceptability to farmers. 
Status of Breeding for Multiple Pest Resistant Crop Cultivars 
There is increasing pressure for production agriculture to become less 
dependent on agricultural chemicals. "Low input sustainable agriculture" 
(LISA) where production systems do not use costly chemicals but use practices 
that will allow productivity in the long term has developed in response to this 
pressure (MacKenzie 1991). According to Bird (1991), host plant resistance as a 
means of maintaining plant health is preeminent when considering the needs 
for renewable resources of food, fiber, and bioenergy and reducing the use of 
pesticides and energy in crop production. Biological efficiency and crop 
management can most effectively be achieved by using host plant resistance to 
reduce the yield losses caused by the adversities to which a crop is exposed. The 
utopia in crop improvement would be the development of cultivars with 
resistance to all pathogens, insects, nematodes, weeds and abiotic stresses and 
capable of producing high yields of a farmer and consumer preferred product. In 
addition, resistance against the strains, races and biotypes of the various pest 
species, would be of a stable and persistent nature. Such success has not been 
achieved in the breeding of any crop. However significant progress in breeding 
for multiple pest resistance has been accomplished in some crops and selected 
examples are discussed herein. 
The progress in breeding for resistance to multiple pest species varies among 
the different crop species and depends on a numbet· of factors including the 
importance of the crop, importance of pests as constraints to production and the 
availability of resistant donors to use as parents in the breeding program. For 
some crops, only multiple pest resistant donors for use as parents in breeding 
have so far been identified. while for other crops, multiple pest resistant 
cultivars have already been released for commercial production. Multiple pest 
resistant. coltivars of some crop species are being grown on millions of hectares. 
Some cultivars have resistance to insects, nematodes and pathogens and 
tolerance to certain abiotic stresses such as drought or soil mineral toxicity. 
\Vheat. In a search for multiple resistance to wheat insects and 
pathogens, screening of Aegilops species in California (Gill et a!. 1985) and 
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in Kansas (Gill et a1. 1986) has identified accessions with resistance to 
powdery mildew Erysiphe graminis (Marchal), leaf rust, Puccinia recondita Rob 
ex Desm., greenbug Schizaphis graminum (Rondani) and the Hessian fly, 
Mayetiola destructor (Say) (Table 1), Because Aegilops squarrosa L. is the donor 
of the D genome in common wheat, it can be readily exploited in the breeding of 
wheat for pest resistance (Gill et al. 1986). 
Alfalfa. Combinations of diseases, insects, and nematodes often prevent 
alfalfa from reaching its maximum yield potential (Elgin et al. 1983). Thus, 
breeding for multiple resistance to alfalfa pests has received a great deal of 
emphasis in alfalfa improvement programs. Results of a few of these breeding 
programs are indicated in Table 1. Sorensen et al. (1986) reported on the 
resistance of KS94GH6 to a disease Peronospora trifoliorum (NaoumofO, and 
the alfalfa weevil, Hypera postica (Gyllenhal), and three aphids, Acyrthosiphon 
hondoi Shinji, Acyrthosiphon pisum (Harris) and Therioaphis maculata 
(Buckton). Strain crosses were used to breed MSACW3An3(6) with resistance to 
four diseases and one insect, the potato leafllopper, Empoasca (abae (Harris) 
and Nevada Synthetic XX(S) with resistance to aphids, Acyrthosiphon pisum 
and Therioaphis maculata and two nematodes, Meloidogyne hapla (Chitwood) 
and Ditylenchus dipsaci (Kuhn) (Elgin et al. 1983). 
Cowpeas. Cowpea, Vigna unguiculata (L.) Walp is one of the most 
important grain legumes in tropical Africa where it is grown as a mixed crop 
with sorghum and millet. Insect pests attack the crop from seedling to harvest 
and are major production constraints in Africa where losses due to pests vary 
from 20 to 100% (Singh 1987). Through screening of the cowpea germplasm 
collection at the International Institute of Tropical Agriculture (UTA) 
accessions with resistance to insects have been selected. These accessions have 
been bused to breed for multiple resistance to insects. Lines with resistance to 
combinations of the aphid, Aphis craccivora Koch, thrips, Megalurothrips 
sjostedti (Tryborn) and the cowpea weevil, Callosobruchus maculatus (Fab.), 
have been bred (Table 1). The advantage of multiple resistance to insects in 
cowpeas has been described by Jackai et al. (1985). 
Maize. Maize germplasm consisting of composites and experimental cultivars 
bred and developed for moisture stress in India were evaluated against a stalk 
borer, Chilo partellus (Swinhoel and the shoot ny complex Atherigona varia 
soccata (Rondani) and Atherigona naqvii (Steyskal) (Sarup et al. 1987). Cultivars 
EVA64-mst-80 (Table 1) and Composite AR-76 were selected for resistance. 
Pearl millet. Pearl millet, Pennisetum. americanum L. (Leeke) an important 
food crop in southern India is attacked by a number of insects and diseases. In field 
and greenhouse screening sources of resistance to pests have been selected. These 
sources have been utilized in the breeding of CO?, a multiple pest resistant cultivar 
for the state of Tamil Nadu (Manivasakam et al. 1989). C07 has combined 
resistance to downy mildew, Sclerospora grarninicola (Sacc.) Shroet. and four 
insects, the weevil Myllocerus undecimpustulatus maculosus Faust, an armyworm 
Mythimna separata (\-\Talker), shoot fly Atherigona soccata and a stern borer 
Coniesta. ignefusalis (Kmps.) (Table 1). Pearl millet breeding lines with resistance to 
ergot Clauiceps {usiformis (Loveless), smut Tolyposporiwn penicillariae Bref and M. 
separata were developed at the International Crops Research [nstitute for the 
Semi-Arid Tropics (ICRISAT) in Andhra Pradesh, India. 
Table 1. Examples of multiple pest resistance in crop cultivars. '" '" '" 
Crop Resistant CultivarlLine Pests References 
Aegilops coudata L. 
A. longissima Schweinf. 
A. sptltoides Tausch 
A. variabilis Eig 
Alfalfa 
Cowpea 
KS94GH6 
MSACW3An3(6) 
Ne\'ada syMhctic XX(8) 
1T83S- 728-5 
IT84S-2246·4 
IT82D-716 
Wheat leaf rust, Puccinia recondita Rob. ex Desm.
 
Wheat powdery mildew, Erysiphe grominis (Marchal)
 
Greenbug, Schizophis gram inurn (Rondanil
 
Hessian ny, Mayetiola destructor (Say)
 
Downy mildew, Peronosporo tri(o/iorum (NnoumofO
 
Alfalfa weevil, Hypero postica Gyllenhal
 
Pea aphid, Acyrthosiphon pisum (Harris)
 
Blue alfalfa aphid, A. hondoi (ShinjO
 
Potato leafhopper, Empoasca (oboe (Harria)
 
Spotted alfalfa aphid, Therioaphi.'1 macu/ata (Buckton)
 
Anthracnose, Collctotrichum. trifo/ii Bain
 
Bacterial wilt Corynebacterium insidiosum (McCull.)
 
Common leafspot, P.<;eudopezizo meciicaginis (Lib.) Sacco
 
Potato leafhopper, Empoasca (oboe
 
Rust, Ur(Jmyces striatus Schroet.
 
Pea aphid, A. pi/Jum
 
Root-knot nematode, Meloidogyne hapla (Chitwood)
 
Spotted alfalfa aphid, T. macu/ata
 
Stem nematode, Dity/enchus dipsaci (Kuhn)
 
Aphid, Aphis craccivora Koch
 
Thrips, Megalurothrips sjostedti (Try born)
 
Aphid. i\. croccivora
 
Cowpea bruchid. Callosobruchus maculotus (Fabricius)
 
Cowpea bruchid, C. maculatus
 
Thrips, M. sjo.'ltedti
 
Gill et a1. 1985 
Gill et al. 1986 
Sorensen et al. 1986 
'­
> 
~. 
0 
,'".. 
Elgin et a1. 1983 3 
!'­
<: 
~ 
~ 
~ 
Z 
Elgin et al. 1983 ~ 
;:;'" 
'" =:'"
Singh 1987
 
Singh 1987.
 
Jackai & Singh 1988
 
Singh 1987
 
Table 1. Continued. 
Crop Resistant Cultivar/Line Pests References 
Maize EVA64-mst-80 Maize stalk borer, Chilo partellus Swinhoe Sarup et ai. 1987 
Shoot fly, Atherigona soccata Rondani 
Pearl millet C07 Downy mildew, Sclerospora graminicola (Sacc.) Shroet. Manivasakam et al. 1989 
Grey weevil, Myllocerus ulldecimpustulatus maeulo.ws Faust 
Oriental armyworm, Mythimna separata (Walker) 
Shoot fly, A. soceata 
Stem borer, COlliesta ignefusalis (Kmps.) 
ICMPES 28 Ergot, Clauiceps fusiform is (Loveless) Thakur and Sharma 1909 
Oriental armyworm, M. separata 
Smut, Tolypo .•porium penieillariae Bref 
Rice BG367-3 Blast, P.yricularia oryzae Cavara Saroja et al. 1987 
Brown spot, Cochliobulus miyabean/ls Ito and Kuribayashi 
Gall midge, Oreseolia oryzea (Wood-Mason) 
Green leafhopper, Nephotettix oirsecens (Distant) 
Hispa, Dicladispa armigera (Oliver) 
Leaffolder, Cnaphalocrocis medinalis (Guenee) 
Pink stem borer, Sesamia inferens (Walker) 
Tungro virus 
IR 36 Blast, P. oryzeae Khush 1989 
Bacterial JeafblightXallthomonas oryzae (Uyeda and lshiyama) 
Brown pJanthopper, Nilaparuata l/lgens (StAl) 
Gall midge, O. oryza.e 
Grassy stunt virus 
Green leafhopper, N. uireseens 
Striped stem borer, Chilo suppressalis (Walker) 
Tungro virus 
Table 1. Continued. 
Crop Resistant Cultivar/Line Pests References 
Rice Namyeongbyeo Bacterial leaf blight, X. oryzae 
Black-streaked dwarf virus 
Sohn et a1. 1987 
Blast, P. oryzae 
Brown planthopper, N. lugens 
Dwarf virus 
Green leafhopper, Nephotetti.x cincticeps 
Small brown planthopper, Laodelphax striatella (Fallen) 
Stripe virus 
White tip nematode, Aphelencoides bcsseyi Christie 
Sorghum IS18551 Shoot fly, Atherigona soccata (Rondani) 
Stem borer, Chilo partellus (Swinhoe) 
Nwanze et al. 1991 
IS22464 Earhead midge, Contarina sorghicola Coquillet 
Stem borer, C. partellus 
Nwanze et al. 1991 
Soybean lAC78-2318 
PIl71451 
Whitefly, Bemisia tabaci (Gennadius) 
Cerutoma arcuata (Olivier) 
Diphaulaca uiridipenllis (Clark) 
Velvetbean caterpillar, Anticarsia gemmatalis (HObner) 
Beet armyworm, Spodoptera exigua (Hiibner) 
Porthesia taiwana (Shir.) 
Allomaia cupripes (Hope) 
Orygia sp. 
Lourencao et al. 1987 
Talekar et al. 1988 
..... ..... 
z 
p 
c.:> 
P1229358 Beet armyworm, Spodoptera exigua 
Corn earworm, Helicoverpa zea (Boddie) 
Fall armyworm, Spodoptera frugiperda (J. E. Smith) 
Green c!overworm, Plathypena scabra (F.) 
Soybean looper, Pseudoplusia includens (Walker) 
Tobacco bud worm, Heliothis virescens (F.) 
Velvetbean caterpillar, Anticarsia gemmatalis 
Beet armyworm S. exigua 
A. cu.pripes 
Mexican bean beetle, Epilachna variuestis Mulsant 
Soybean looper, P. includens 
Velvetbean caterpillar, A. gemmatalis 
All et al. 1989 
Talekar et al. 1988 
Kilen 1990 
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Rice. Apparently in response to an increased level of management and 
reduced genetic variability, numerous outbreaks of rice insects and diseases 
have occurred in the last two decades (Khush 1989). To more effectively 
manage insect and disease problems, many rice breeding programs (especially 
in Asia) have emphasized the development of high yielding, commercial 
cultivars with multiple resistance to pests. Accessions with sources of 
resistance have been identified, breeding methodologies have been refined and 
cu]tivars "'....ith multiple resistance are widely grown. The greater yield stability 
of multiple resistant cultivars has helped stabilize rice production at higher 
levels than previously achieved. Multiple pest resistant rice cultivars have been 
successfully used in integrated pest management programs in China (Du et al. 
1990) and in other countries throughout Asia. Of the many multiple pest 
resistant rice cultivars developed, only a few examples are discussed herein. 
BG367-3, a short-duration cultivar from Sri Lanka. first found to be 
resistant to the Cnaphalocrocis medinalis <Guenee) in Tamil Nadu. India and 
in the Philippines, was evaluated against other pests in Sri Lanka and found to 
be resistant to rice blast Pyricularia oryzae Cavara, brown spot, Cochliobolus 
miyabeanus Ito and Kuribayashi, a gall midge, Orseolia oryzae, a leafhopper, 
Nephotettix uirescens (Distant), a leaf miner Dicladispa armigera (Oliver), a 
stem borer Sesamia inferens (Walker), and tungro virus. In addition, this 
cultivar has high yield potential. 
About 30 commercial cultivars with multiple resistance to insects and 
diseases have been developed at the lRRl in the Philippines (Khush 1989). The 
most popular among the IRRI cultivars has been IR36 which was grown on 
about 17 million ha throughout many countries in Asia. It has combined 
resistance to four diseases and four insects (Table 1) and also is tolerant to 
various soil stresses. IRS, the first of the "mjrac1e rices" only had resistance to 
one insect, a leafllOpper, Nephotettix uirescens, Because of the multiple pest 
resistance lR36 has a high level of yield stability as indicated in tests conducted 
at lRRl over a 12-yr period (Fig. 2). 
Advances in rice breeding in Korea have been exceptional and Korean rice 
yields are among the highest in the world. High yielding, multiple pest 
resistant cultivars have been utilized as a major component in rice [PM 
programs in Korea (Lee 1992). An example of such a cultivar is Namyeongbyeo 
which has the desirable characteristics of erect leaves, early maturity, short 
grains with a low amylose content, and desirable eating quality (Sohn et a1. 
1987). Namyeongbyeo is resistant to five diseases, bacterial leaf blight, 
Xanthomollas oryzae (Uyeda and Ishiyama), black-streaked dwarf virus, blast, 
Pyricularia oryzae Cavara, dwarf virus and stripe virus; three insects. 
Nilaparuata lugens, Nephotellix cincticeps (Uhler), and Laodelphax strialella 
(Fallen) and a nematode, Aphelencoides bcsseyi Christie (Table lJ. 
Namyeongbyeo yields in multi-location trials were 5.69 T/ha (1O% higher than 
the highest yielding check) and it is adapted to the single~croppingarea in the 
southwestern coastal and southern plain in Korea (Sohn et a1. 1987). 
Sorghum. Extensive screening of the world collection of sorghum 
germplasm through the All India Coordinated Sorghum Improvement Project 
has identified accessions with resistance to both the sorghum shoot ny, 
Atherigona soccata and a stem borer, Chilo parlellus (Kishore and Kishore 1983. 
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Fig, 2. Yields (tlha) of IRS and IR36 in dry season replicated yield trials at the 
International Rice Research Institute, Los Banos, Philippines from 1974 
to 1986. Yields of multiple-pest resistant IR36 show little year-to-year 
variation while that of pest susceptible IRS fluctuates widely (modified 
from Khush 1989). 
Mote et a1. 1983). Later, a technique rol' screening sorghum against pest 
combinations was developed at rCRISAT (Nwanze et a!. 1991). in the evaluation 
of 220 resistance sources and breeding lines for multiple resistance, less than 
10% were resistant to Atherigona SOGcata while more than 50% were resistant to 
Chilo pa.rtellus. 1818551 was the best entry with resistance to both of these 
pests. Most (90%) of the Atherigona soccata and Chilo parlellus resistant sources 
were highly susceptible to a midge, Contarina sorghicola (Coquillet). Only 
[822464 had resistance to both the midge, ContarillCl sorghicola and Chilo 
partellus (Table 1). Some of the multiple pest resistant sources have desirable 
argronomic attributes such as early maturity and high yields. 
Soybean. Soybean is an attractive host for a wide range of insect species 
wherever the crop is grown. With the objective of reducing pesticide use and 
increasing grower profits, there has been a great deal of research activity 
directed toward the development of alternative control tactics which are 
compatible in an integrated system of soybean pest management. Several 
soybean breeding programs have reported on the identification of multiple 
insect resistant cultivars which can be used as donor parents in the breeding of 
pest resistant soybeans. 
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]n greenhouse and field trials in Brazil, the soybean line lAC78~2318 was 
evaluated for resistance against four insect species (Lourencao and de Miranda 
1987). The line was resistant to the sweet potato whitefly, Bemisia tabaci 
(Gennadius), and three defoliators, the chrysomelids Ceroloma arcuala 
(Olivier), Diphaulaca uiridipennis Clark and the velvetbean caterpillar, 
Anticarsia gemmatalis Hubner (Table 1). 
In Taiwan, three soybean plant introductions (PI17141, Pl227687, and 
PI229358) were evaluated for resistance to four defoliator insect species 
(Spodoptera exigua (Hlibner), Porthesia taiuJa.na (Shir.), Anomala cupripes 
Hope and Orygia sp. (Table 1). All of the cultivars had resistance to Spodoptera 
exigua but the levels of resistance varied. In a series of foliage feeding tests, 
Pl227687 had higher levels of antibiosis against Spodoptera exigua, Pl171451 
against Porthesia taiwana and Orygia sp., and PI229358 against Anomala 
cl/pripes. Tbe authors (Talekar et al. 1988) believe that the use of all three 
accessions as donor parents may be necessary to breed a soybean cultivar with 
resistance to all of these four insect species. 
PI229358 has also been extensively tested fo,' resistance against soybean 
insects in the United States (All et a!. 1989, Kilen 1990). All et al. (1989) 
reported that both Pl229358 (Table 1) and GaUR81-296 were resistant to seven 
defoliating insect species; the beet armyworm, Spodoptera exigua. corn 
eal'wonn, Helicouerpa zea (Boddie), fall armyworm Spodoptera {rugiperda (J. E. 
Smith), green clovenvorm Plalhypena scabra, (F.), soybean looper, Pseudoplusia 
includens (Walker), tobacco budworm, Heliothis virescens (F.) and the 
velvetbean caterpillar, Antica,risa geml1talalis. PI229358 was also reported to be 
resistant to the Mexican bean beetle, Epilachna varivestis Mulsant, by Kilen 
(1990) along with PI171451 and Pl417061 (Table 1), all of which have 
resistance to Pseu.doplusia includens and Antica,rs£a gemma.ta.lis. In spite of the 
notable achievement of identifying germplasm with resistance to as many as 
eight different insect species, progress in the development and release of 
commercial soybean cultivars with multiple insect resistance has been slow. 
There is also a need to identify donor parents with multiple resistance to pod 
feeding insects, diseases and nematodes. 
Methods of Breeding for Multiple Pest Resistant Cultivars 
In the breeding of multiple stress resistant crop cultivars with an increase in 
the number of genes to be incorporated, the breeding process becomes 
progressively more difficult. In rice, the pedigree method is usually used to 
develop germplasm with multiple resistance (Khush 1989). Selection is based 
on comprehensive records of each line's reaction to various pest species. For F4 
and later generation lines, selection is also based on the reaction of ancestral 
lines. Although the backcl·ossing method does not permit the development of 
germplasm with diverse genetic backgrounds it is used to transfer genes from 
wild species. The lines developed by backcrossing are used as donors for 
resistance in a pedigree breeding program to develop multiple resistance lines. 
Development of multiple disease resistant rice cultivars was reported to occur 
only in conjunction with moderate resistance (Dev et a1. 1983). 
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Alfalfa breeders use strain crosses because they recognized that recurrent 
selection with one germplasm source tended to cause inbreeding and reduced 
yields (Elgin et al. 1983). The concept of strain crosses (crosses between two 
breeding lines or cultivars) developed in the 1960's. A prerequisite for the strain 
cross multiple pest resistance technique to be successful is the availability of 
strains with a high level of resistance to d.iffel'ent pests. Strain crossing is based 
on the assumption that the performance of the progeny will be intermediate 
between the parents' performance and is used to develop multiple pest resistant 
alfalfa cultivars with improved field performance. Busbice et al. (1972) 
discussed the theoretical advantage of strain crossing to develop multiple pest 
resistant cultivars. They pointed out the substantial gains in multiple 
resistance that could be obtained through strain crossing when pest resistance 
was controlled by dominant genes. One of the factors that favored the use of the 
strain cross concept was that most of the pest resistance traits had been shown 
to be controlled by genes expressing some level of dominance. Thus, 
theoretically, strain crosses could not only restore vigor, possibly resulting in 
increased yielding capability, but also provide the mechanism for combining 
different pest resistances into better adapted, multiple pest resistant cultivars 
(Elgin et al. 1983). Strain crosses provide a modified hybrid approach to alfalfa 
breeding. They provide the breeder with control over both heterosis for yield 
and the number of traits incorporated into a given germplasm source. 
Miller (1985) tested the basic assumption of strain crossing that the 
performance of progeny will be intermediate between the performance of the 
parents. The theory was tested with respect to resistance to three insects, four 
diseases and a nematode, and also autumn dormancy and forage yield. 
Evaluation of the resulting progeny indicated that 85% produced the expected 
mean parental values. Significant deviations that occurred were generally in a 
favorable direction except for pea aphid Acyrthosiphon pisum and spotted 
alfalfa aphid Therioaphis maculata resistance. Probability of obtaining mean 
parental values, or better, by strain crossing was calculated to be 90%. 
Computer simulation has been used as an aid in the selection of parental 
pairs in breeding for multiple pest resistance. Lesovoi et al. (1990) used the 
computer to select parental pairs when breeding wheat for 20 traits including 
resistance to the diseases Puccinia recondita, Erysiphe graminis and an insect 
Oulema melanopa (L.). The system facilitated the selection of parental pairs to 
give the required multiple resistance in the hybrids. 
Some scientists believe that breeding for stress resistance and high yields 
are incompatible objectives. Ir that belief is correct, breed.ing for resistance to a 
multiple pest complex would have a severe effect on yields. However, evidence 
indicates that yields of multiple pest resistant cultivars can be high, even in the 
absence of pest pressure, and with pest pressure, yields are significantly higher 
than that of susceptible cultivars. The multiple pest resistant rice cultivar, 
IR36, is such an example where its yields is equal to that of IRS when pest 
pressure is low but much higher than pest susceptible IRS when pest pressure 
is high (Fig. 2). 
Recurrent selection was used to breed for multiple resistance to diseases and 
a nematode in red clover and ltalian ryegrass (Nuesch 1989). Multiple 
resistance had no adverse effect on yields but actually increased yields. 
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1. D. Shapiro, a scientist in the Institute for Plant Protection in Leningrad 
argues that many examples have demonstrated the possibility of combining in 
one variety multiple resistance to pests and abiotic stresses (drought, cold and 
salinity) and other useful traits including good grain quality and high yield 
(Shapiro 1988). This type of resistance is based on blocks of genes for resistance 
to pests and for adaptation to extreme environmental conditions. 
Multiple Pest Resistant Cultivars as a Component in IPM Systems 
Multiple pest resistant cultivars are being successfully utilized, in varying 
degrees, as a major component in the management of crop pest complexes 
throughout the world. IPM programs utilize biological controls, traditional 
cultural controls, pesticides and pest resistant cultivars to varying degrees, 
depending on the nature of the pest complex and the socioeconomic conditions 
existing in the country (Smith in press). Rice IPM in Indonesia is a good 
example where the government, in response to the threat of the planthopper, 
Nilaparvata lugens issued a presidential decree, in the establishment of a 
national IPM policy. The cornerstone of the Indonesian rice IPM strategy is the 
use of multiple pest resistant cultivars in a mix with other control tactics 
(Heinrichs 1992). Host plant resistance is generally compatible with other 
control tactics and some examples of how multiple pest resistant cultivars can 
be integrated with biological, cultural and chemical control are presented. 
Multiple Pest Resistance and Biological Control. Multiple pest 
resistant cultivars may have an adverse effect on natural enemies by reducing 
prey density, but they are generally considered to be compatible with biocontrol 
agents. The combination of the two control tactics may be additive, or even 
synergistic, in their effect on decreasing pest populations. The combination of 
multiple pest resistance and natural biological control which does not require 
any training to utilize, is especially attractive in developing countries in the 
tropics where extension services are often not able to train farmers in IPM 
principles and practices. Examples of how these two control tactics can be 
integrated are presented with an emphasis on rice IPM. 
Because of the adverse effect of multiple pest resistant cultivars on a pest 
population they can shift the pest:predator ratio in favor of biological control. in 
field studies at IRRr, in the Philippines, the planthopper Nilaparuata lugens: 
spider ratios increased with the level of susceptibility from ASD7 and rR3G, 
both highly resistant rice cultivars, to ffi42 and Triveni, moderately resistant 
cultivars, to ffi8 and TN1, susceptible cultivars (Fig. 3). 
In addition, host plant resistance enhances the I>redatory activity which may 
be synergistic. Predation rate of the mirid bug, Cyrtorhinus liuidipenm:,<; (Reuter) 
when feeding on first instal' Nilaparuata lugens nymphs increased when the host 
insect fed on a multiple pest resistant cultivar, IR36 (Fig. 4). Similar results were 
obtained in another test where the spider, Lycosa pseUdOanl1lllata (Boesenberg 
and Strand) was allowed to prey on Nilaparuata /.ugens adults feeding on IR36 
and NUaparuaLa lligen.'> susceptible IR8 (Fig. 4). The mechanisms involved in the 
later case is believed to be the restless nature, and subsequent frequent 
movement of Nilaparva.ta lugens on ffi36, the resistant cultivar, which exposes it 
to detection by the spider (Kartohardjono and Heinrichs 1984). 
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Fig. 3.	 Brown planthopper (Nilaparvata lugens): spider (Lycosa pseudo­
annulata) ratios at 40 days after transplanting of rice cultivars with 
varying levels of N. lugens resistance. ASD7. IR36, and IR42 are 
resistant, Triveni is moderately resistant, and IRS and TN! are 
susceptible (modified from Kartohardjono and Heinrichs 1984). 
Combinations of host plant resistance and predation by the mirid bug, 
Cyrtorhinus liuidipennis have a cumulative effect on the population increase of 
the leafhopper, Nephotettix virescens, a severe threat to rice production in Asia, 
because of its role as a vector of the dreaded tungro virus. In cage studies 
conducted by Myint et al. (986), the number of Nephotettix vireseens only 
reached 6 on multiple pest resistant ffi29, with the predator, and 31 without 
the predator, while there were 91 and 220 Nephotettix uirescens respectively on 
susceptible IR22 (Fig. 5). The value of moderate resistance in combination with 
biological control is evident, as indicated by IRS, which had 170 N. uirescens 
without the predator but only 64 with the predator. 
A follow-up study demonstrated the cumulative errect of resistance and 
Cyrtorhinus lividipennis predation on Nephotettix uirescens mortality (Fig. 6). 
The predatory activity of Cyrlorhinus liuidipennis increased mortality on all 
cultivars by about 30%; from 66% to 92% on highly resistant IR29, 34% to 56% 
on moderately resistant IR8, and 7% to 40% on susceptible IR22. Thus the 
cumulative effect of antibiosis and predation resulted in 52% greater 
NephoteUix uirscens mortality in the highly resistant IR29 as compared with 
susceptible IR22. 
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Fig. 4.	 Predatory activity of the mirid bug, Cyrtorhinus liuidipennis and the 
spider, Lycosa pseudoannulata when feeding on the brown planthopper, 
Nilaparuata lugens reared on a N. lugens susceptible (lR8) and 
resistant (IR36) rice cultivar. The mirid test was conducted with first 
instar N. lugens nymphs and the spider test with N. lugens adults 
(modified from Kartohardjono and Heinrichs 1984). 
The interactions between host plant resistance and biological control are not 
in all cases favorable. Orr and Boethel (1986) reported that the predator, 
Podisus maculiuentris (Say) was adversely affected by soybean antibiosis in a 
manner similar to that of its prey, the soybean looper. The growth rate of 
Geocoris punctipes (Say), an important predator of soybean insects, was reduced 
and mortality increased when its prey, the velvetbean caterpillar, was reared 
on resistant soybean genotypes (Fig. 7). Nympal mortality of Geocoris 
punctipes, when preying on Anticarsia gemmatalis, which was reared on the 
resistant cultivar PI171451, was more than twice that when the host Anticarsia 
gemmatalis, was reared on the susceptible cultivar, Govan. The extent of this 
interaction in crop cultivars is not well known but this phenomenon signals a 
caution to researchers developing crop cultivars with high levels of antibiosis. 
Multiple Pest Resistance and Cultural Control. The modification of
 
cultural practices in crop production systems is a pest management tactic that
 
has a long history of use among traditional farmers. Litsinger (in press) has
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Fig. 5. Population development of the green leafhopper, Nephotettix virescens as 
affected by the level of varietal resistance, in six rice cultivars, and 
predation by the mirid bug, Cyrtorhinus liuidipennis. IR22 and IR46 are 
susceptible, IR42 and IR8 moderately resistant, and IR56 and IR29 
resistant, to N. virescens. Each cage was infested with four pairs of N. 
virescens adults and two days later infested with five C. lividipennis 
adults (modified from Myint et a1. 1986). 
reviewed, in detail, the available literature on the cultural control of rice 
insects, and describes numerous agronomic practices that have been developed 
by farmers through observations and trial and error. However, the utilization of 
pest resistant cultivars, as a management tactic, is of relatively more recent 
origin and there is a paucity of examples in the literature that document the 
integration of multiple pest resistant cultivars with cultural controls. In spite of 
the lack of literature on the integration of these two tactics, most cultural 
practices are considered to integrate well with other control tactics in [PM 
systems, and the use of resistant cultivars, combined with good cultural 
management, is considered to be a powerful tool in managing pests (Maxwell 
1991). Examples of the integration of fertilizer management, pest evasion 
techniques, and mixed cropping with multiple pest resistant cultivars will be 
discussed. 
Increased use of nitrogen fertilizer has been one of the major components 
contributing to the high yields of modern crop cultivars. However, high plant 
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Fig. 6. Mortality of green leafhopper, Nephotettix uirescens nymphs as affected 
by the level of varietal resistance in six rice cultivars and predation by 
the mirid bug, Cyrtorhinus liuidipennis. IR29 and IR56 are resistant, 
IR42 and IR8 moderately resistant, and IR46 and IR22 susceptible to 
N. uirescens. Each cage was infested with 25 first-instal' N. uirescens 
nymphs and five C. liuidipennis adults for a 7 day period (modified 
from Myint et al. 1986). 
nitrogen levels, are generally favorable to pest insect populations (Dale 1988). 
The effects of wen-fertilized plants on insects are greater survival, increased 
feeding rate, increased fecundity and faster growth. A study on the effect of 
nitrogen fertilizer on the development of Nilaparuata lugens on rice, indicated 
that nitrogen favored population growth, regardless of the level of resistance in 
the host plant (Heinrichs and Medrano 1985); but the increase was limited to 
the higher levels of resistance as indicated for highly resistant IR60 (Fig. 8). 
This indicates the need for planting insect-resistant cultivars when high 
nitrogen levels are needed to maximize production. Splitting of nitrogen 
applications has been shown to be more beneficial to crop production than a 
single application. A reduction in the amount applied, at each application, 
mitigates insect pest buildup during vegetative growth, a factor that will 
enhance the performance of moderately resistant cultivars. 
Cultural practices employed to evade pest attack include early maturing 
cultivars, planting date, and synchronous planting. In field studies conducted in 
the Philippines, Nilaparuata lugens populations, Nilaparuata lugens: predator 
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Fig. 7.	 Nymphal mortality of the predator, Geocoris punctipes when its host,
 
the velvetbean caterpillar, Anticarsia gemmatalis was fed foliage from
 
susceptible (S) and resistant (R) soybean cultivars. (Modified after
 
Rogers and Sullivan 1986).
 
ratios on early maturing rice cultivars were significantly lower than those on
 
later (mid-season) maturing cultivars (Heinrichs et al. 1986a). Incorporation of
 
moderate levels of Nilaparvata lugens resistance into early maturing cultivars
 
would enhance the level of protection against this pest and would be expected to
 
provide a durable form of control.
 
Planting date interactions are greatest if can;ed out over large areas and
 
against monophagous pests that attack one growth stage and are highly
 
seasona.l in occurrence (lsely 1951). Shifting of planting dates has little pest
 
control effect in asynchronously planted areas. Synchronous planting is
 
advocated as a pest control measure for several rice insects including
 
planthoppers, learltoppers, stem borers, leaf beetles, root weevils, the
 
caseworm, Nym.phula depunctalis, and Orseolia oryzae (Litsinger in press).
 
Synchronous planting of multiple pest resistant rice cultivars was
 
recommended as a means of controlling Nila.parvata lugens and other pests in
 
Indonesia (Oka 1983).
 
The mixing of different crop cultivars or species, also known as polycropping
 
or intercropping, is generally considered to be a means of increasing pest and
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Fig. 8.	 Brown planthopper, Nilaparuata lugens biotype 2 population growth 
(number/cage) on rice cultivars grown under three N fertilizer 
[NH4)2S04) rates. IR26 is susceptible to biotype 2 N. lu.gens, Triveni is 
moderately resistant and IR60 is resistant (modified from Heinrichs 
and Medrano 1985). 
natural enemy diversity, and a means of decreasing numbers of a given pest 
species, in comparison to those pest numbers in monocultures or in uniform 
stands. In studies conducted in Texas, mixed populations of glabrous and 
hirsute cotton reduced damage by the cotton fleahopper compared to that 
observed in uniform plantings (Maxwell 1991). Also, mixed plantings of 
sorghum cultivars, resistant and susceptible to Contarinia sorghicola, increased 
yields over uniform plantings (Tectes et a1. 1990). The use of multi-lines, a form 
of mixed cropping, has been successfully used in barley, oats and wheat to 
reduce populations of pest species and minimize the rate of selection for races 
or biotypes in pest resistant cultivars (Maxwell 1991). Thus, mixed cropping 
appears to provide some level of insect control, that is not well exploited or 
understood, but integrates well with the use of multiple pest resistant cultivars 
and can be exploited as a means to diminish the rate of biotype selection. 
Multiple Pest Resistance and Chemical Control. The reduction in pest 
numbers and the physiological condition of the surviving pests suggest, that 
control with insecticides, will be more effective, when pests are on resistant 
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than when they are on susceptible cultivars. Indeed, the literature supports 
this supposition as there are many examples where host plant resistance has 
been shown to enhance insecticidal activity. McMillan et a1. (1972) reported 
that greater control of the corn earworm was achieved with the application of 
insecticides to resistant sweet corn lines than did applications to susceptible 
hybrids. Similar observations have been reported for cotton in Texas (Maxwell 
1991). Evaluations of rice insecticides indicate that they cause higher pest 
mortality when applied to planthoppers and leafhoppers feeding on resistant 
than on susceptible rice plants. Both, Sogatella furcifer (Horvarth) and 
Nilaparvata lugens are killed at low insecticide rates when feeding on resistant 
rice cultivars (Heinrichs et al. 1984). Mortality of Nilaparvata lugens, when 
reared on either a moderately resistant 'ASD7', or a highly resistant rice 
cultivar, 'Sinna Sivappu' was higher than when feeding on a susceptible 'TN1' 
cultivar (Fig. 9). 
The integration of host plant resistance and insecticides has a cumulative 
effect on Nephotettix virescens, the vector of rice tungro virus (Heinrichs et aI. 
1986b). The extent of the effect depends on the level of Nephotettix virescens 
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Fig. 9. Contact toxicity (at 24h after treatment) of insecticides applied with a 
Potters spray tower against the brown planthopper, Nilaparuata lugens 
biotype 2 when reared on a susceptible (TN1), a moderately resistant 
(ASD7), and a resistant (Sinna Sivappu) rice cultivar (modified from 
Heinrichs et a1. 1984). 
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resistance in the cultivar. There was no tungro virus infection on the 
Nephotettix uirescens resistant cultivar, IR28 even at the 0 kg A. I. ha rate (Fig. 
10). On the moderately resistant cultivar, IR36, tungro virus infected plants 
decreased from 42% in the 0 kg A. I./ha treatment to 10% at the 0.5 kg A.I./ha 
rate. Tungro virus infection on the susceptible cultivar, IR22, was high at all 
insecticide rates decreasing from 92% in the control to 74% in the 1 kg A.I./ha 
rate. Consequently grain yields of IR28 were not affected by insecticide rate, 
being about 4tJha in all treatments (Fig. 11). Both IR22 and IR36 yields 
reflected the level of tungro infection and increased from 1.4 to 2.1 t/ha in IR22 
and from 1.6 to 2.6 t/ha in IR36. This study points out the need for high levels 
of resistance to the vector insect in controlling tungro virus and indicates the 
cumulative effect of moderate resistance and insecticides on virus vector 
control. Both IR28 and IR36 have multiple resistance to at least seven insects 
and diseases. 
Another interaction of host plant resistance and insecticides is the 
relationship between level of resistance and insecticide-induced, Nilaparuata 
lugens resurgence. Nilaparuata lugens populations on a resistant rice cultivar 
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Fig. 10.	 Percent rice tungro virus infection of rice cultivars IR22, IR36, and 
IR28, having different levels of green leafhopper Nephotettix uirescens 
resistance, as affected by rates of soil-incorporated carbofuran. IR22 is 
susceptible, IR36 moderately resistant, and IR28 resistant to N. 
uirescens, the vector of tungro virus. Victoria, Laguna, Philippines, 
1984 dry season (modified from Heinrichs et al. 1986b). 
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Fig. 11.	 Grain yield of rice cultivars IR22, IR36, and IR28 having different 
levels of green leafhopper Nephotettix uirescens resistance as affected 
by rates of soil-incorporated carbofuran. IR22 is susceptible, IR36 
moderately resistant, and IR28 resistant to N. uirescens, the vector of 
tungro virus. Victoria, Laguna, Philippines, 1984 dry season (modified 
from Heinrichs et al. 1986b). 
treated with a resurgence-inducing insecticide only reached 10 insects per hill, 
whereas the population on a treated susceptible cultivar was 1,100 per hill 
(Aquino and Heinrichs 1979). Thus, in cases where insects other than 
Nilaparuata lugens reach populations above the economic threshold, and 
require insecticide treatment, the level of Nilaparuata lugens resurgence can be 
reduced, or even eliminated by the planting of Nilaparuata lugens moderately 
resistant, or highly resistant cultivar. 
Conclusions 
In recent years, crop surpluses have given the impression that the world's food 
production problems have been solved and this has led to a degree of 
complacency. Food production has certainly soared in some countries, and in 
those countries there is a temporary truce in the war on poverty and famine. But 
even today, this is not the circumstance that exists in many regions of the world. 
1.0 
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Since the 1960s, a global quest for food self-sufficiency has been underway. 
With the widespread cultivation of the "miracle" rices and the disease-resistant 
wheats, there has undoubtedly been a temporary respite, in some countries, in 
the race to prevent hunger, as cereal production has more than doubled, 
outracing the 80% leap in the world's population. But the world population 
surges on relentlessly. 
Taking rice as an example of future food crop production requirements, it 
has been stated that population growth, in rice growing countries, is so intense, 
that 80 to 100 million additional people must be red each year (IRRI 1990). 
Resource-poor farmers are being forced to till highly erodible and marginal land 
and the length of the fallow periods in traditional slash and burn rice culture 
are becoming increasingly shorter. These less favorable areas now produce only 
25% of the world's rice, but within the next two decades, they must sustain 
hundreds of millions of farmers who have yet to realize the benefits of new 
technology. By the year 2020, the world population will approach 8 billion. and 
4.3 billion people, which is equal to the present population, will be rice 
consumers. Production must increase from 460 million to 760 million tons, to 
reed them. 
Agricultural scientists face a tremendous challenge to develop technology, 
that will increase the productivity of existing land resources, and 
simultaneously maintain soil fertility. and to develop crop pest management 
strategies that are environmentally and economically acceptable. Plant 
resistance is a principal component and plays a vital role in integrated pest 
management systems in many crops. It serves as a foundation stone on which 
pest management programs are established, and as such, it is important to 
understand the interactions between resistance and the biological, chemical 
and cultural components or the management system (Maxwell 1991). 
There has been significant progress in the integration of multiple pest 
resistance into pest management systems of certain crops. Many multiple pest 
resistant rice cultivars have been developed at IRRI and are widely grown in 
Asia. About 85% of the rice area in the Philippines, and large areas in 
Indonesia and Vietnam, are planted to such cultivars. Many other multiple pest 
resistant cultivars have been developed and released by national programs and 
multiple pest resistant lines serve as restorer parents in the hybrid rice 
breeding programs in China and elsewhere (Khush 1989). 
In spite of the progress achieved, multiple pest resistance has the potential 
to playa much more important role in crop pest management systems. There 
have been formidable constraints that have impeded progress in breeding for 
multiple pest resistance in some crops. Biotechnology provides tools to 
overcome some of these constraints and will contribute to improved crop 
protection technology (MacKenzie 1991). Strategies to build gene pyramids and 
multiline cultivars will be enhanced by the use of genetic probes and 
recombinant DNA transformations. Genetic probes will facilitate the selection 
of progeny that possess multiple gene combinations and will be useful in 
diagnosing shifts in pest populations so that cultivars or multiline components 
can be adjusted in anticipation of' changes in the population. Both conventional 
plant breeding and biotechnological research will contribute to improved crop 
protection technology of future crop cultivars. 
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